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[57] ABSTRACT

A system for driving an electric machine mounted on
the main shaft of a turbocharger is provided. The elec-

- tric machine can function as a generator or as an electric

motor. The system for driving the machine includes a
positional sensor, a phase detective mechanism, a first
calculation mechanism and a second calculation mecha-
nism. The positional sensor mechanically predicts an
initialized position of phase of the electric machine. The
phase detective mechanism electrically predicts the
initialized position of phase of the electric machine. The
first calculation mechanism calculates the difference
between the mechanically predicted initialized position
and the electrically predicted initialized position. The
second calculation mechanism add the difference calcu-
lated by the first calculation mechanism to the mechani-
cally predicted initialized position of phase to derive an
initialized position of phase to be used for producing
AC electric power to drive the electric machine when it
functions as an electric motor.

2 Claims, 5 Drawing Sheets
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DRIVE SYSTEM FOR TURBOCHARGER WITH
ROTARY ELECTRIC MACHINE

BACKGROUND OF THE INVENTION 5

1. Field of the Invention |

The present invention relates to a drive system for a
turbocharger with a rotary electric motor/generator
“machine” in general, and more particularly, to a drive
system which can easily generate a phase of an initial-
ized position to be supplied to a driving AC electric
power source of the AC motor/generator.

2. Description of the Related Art

In recent years, there have been proposed various
systems for recovering exhaust energy by transforming

rotary force of an exhaust turbine into electric power
energy. Japanese Laid-Open Patent Publication No.
63-30213 discloses, as one such system, a system for a
turbocharger with a rotary electric machine having a
turbine rotatable by the energy of exhaust gases emitted
from an internal combustion energy and a compressor
coupled directly to the turbine, for compressing intake
air and supplying compressed intake air to the engine.
An AC motor coupled directly to the rotatable shaft of
the turbine operates at times as a generator, and exhaust 2>
energy obtained from the turbine through the AC
motor is recovered as DC electric power for the gener-
ated electric power. When the engine operates at low
speeds, the exhaust gases emitted from the engine are
under lower pressure and turbocharged pressure from a
compressor to the engine declines. At this point recov-
ered and stored DC electric power is converted into
AC electric power by an inverter. For operating the
engine, the AC voltage is applied to the AC motor/gen-
erator, which assists in the rotation of a compressor for
obtaining necessary supercharged air.

The above drive system for a turbocharger with the
rotary electric machine has small magnet pieces
mounted on an initialized position of the back side of
compressor impeller and has a picking-up coil mounted 40
‘on the turbine housing opposite the permanent magnet
pieces. When an AC motor generator operates as a
motor, polyphase current is generated and supplied to
the AC motor generator. The polyphase current corre-
sponds to a signal of initialized position supplied from a 45
position sensor which is composed of the above perma-
nent magnet pieces and the coil. That is, a frequency of
supplied electric power is read with a pulse interval of
a signal of initialized position from the positional sensor.
Then a first phase starts, as the signal of initialized posi- 50
tion functions as a trigger. Successively, other phases
start at predetermined phase differences.

Since a positional adjustment between the mechani-
cally rotary initialized position of a positional sensor
and an electrically initialized position of phase 1s only
executed when the system and the turbocharger with
the rotary electric machine are newly loaded on a vehi-
cle, or when a portion of the turbocharger with the
rotary electric machine or the drive system are re-
placed, position adjustment is not achieved when a
motor vehicle 1s operating.

A rotor of the AC motor generator is screwed on a
rotational shaft, and since the rotational speed of the
rotational shaft reaches nearly 200,000 rpm, the rotor
may get out of position (slip). When the rotor gets out
of the position, it brings about not only inefficient oper-
ation but also damage of the inverter. In addition, every
replacement of the turbocharger with the rotary elec-
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tric machine and the system for driving requires time
for the positional adjustment.

SUMMARY OF THE INVENTION

In order to overcome the above described problem, it
is an object of the present invention to provide a system
for driving a turbocharger with a rotary electric ma-
chine in which a positional adjustment 1s made between
a mechanically rotary initialized position of a positional
sensor and an electrically initialized position of a phase.
With respect to the system for driving the turbocharger
with the rotary electric machine, it has a turbine rotat-

able by the exhaust gases emitted from the engine and a

compressor rotatable by the turbine. An AC motor
generator is positioned on the rotational shaft coupling
the turbine and the compressor.

1t is a further object of the present invention to pro-

vide a system for driving a turbocharger with the rotary

electric machine having a turbine rotatable by the ex-
haust gases emitted from the engine and a compressor
rotatable by a turbine, and an AC motor generator
positioned on the rotational shaft coupling the turbine
and the compressor. The system comprises a positional
sensor for detecting a mechanically rotary initialized
position of the rotatable shaft, a phase detective means

for detecting an electrically initialized position of a

phase of the AC motor generator, and a first calculation
means for calculating the difference between the rotary
initialized position as determined from a positional sen-
sor, and a phase initialized position determined from the
phase detective means. The system further comprises a
second calculation means for calculating the phase ini-
tialized position of an AC electric power source used
for driving the AC motor generator. This is done by
adding the rotary initialized position obtained from the
positional sensor to the difference calculated by the first

calculation means.

When the rotor is rotated in a case where the AC
motor generator operates as a generator, measuring the
phase of polyphase AC voltage provided to a terminal
of the power source of AC motor generator (battery),
or measuring the mechanical position of the AC motor
generator with the positional sensor allows initiation of
the polyphase AC voltage used for operating the AC
motor generator as a motor.

Other objects, features and advantages of the present

invention will become more apparent from the follow-

ing description when taken in conjunction with the
accompanying drawings in which preferred embodi-
ments of the present invention are shown by way of
illustrative example.

BRIEF DESC_RIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a system for driving a
turbocharger with a rotary electric machine according
to the present invention. '

F1G. 2 is a longitudinal cross-sectional view of a
composition of a turbocharger according to the present
invention.

FIG. 3 is a block diagram of a system for driving a
rotary electric machine.

FIG. 4 is a flow chart of a main program.

FIG. 5§ is a flow chart of an interrupt program.

FIG. 6 is a characteristic diagram for operation.

FIG. 7 is a flow chart of a phase order program.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

As shown in FIGS. 1 and 2, reference numeral 1
denotes an engine. A motor vehicle (not shown) is
driven by an internal combustion engine supplied with
air drawn from intake pipe 11 and supplied fuel. Ex-
haust gases from combustion rotate turbine 21 and are
supplied to turbocharger 2 through exhaust pipe 12.
Compressor 22, coupled directly to the rotatable shaft
23 of turbine 21, compresses air by torque supplied by
turbine 21 which is rotatable by exhaust gases. The
turbine 21 supplies compressed air to the engine from
intake pipe 11 through scroll 24 to thereby increase
output of the engine operated by compressor 22. Signals
from a boost pressure sensor 13 for detecting the pres-
sure of the supercharged air, which sensor is mounted
on the interior of pipe 11, and from a rotational sensor
of the engine 14 for detecting the rotational speed of the
engine are transmitted to a controller which will be
described in detail later. |

Rotary electric machine 3 as an AC motor generator
has a rotor 31 fixed on the rotational shaft 23 by screw
34 and a stator 32 mounted on the interior wall of hous-
ing 25 of turbocharger 2. Rotor 31, for instance, has a
field magnet of a permanent magnet and comprises a
three phase synchronous rotary electric machine to-
gether with the stator 32. When compressor 22 is not
sufficiently supercharged by the drive force of turbine
21 propelled by exhaust energy, supercharging of com-
pressor 22 1s assisted by supplying electric power to the
rotary electric machine 3. As shown in FIG. 2, posi-
~ tional sensor 33 is comprised of permanent magnet piece
35 and co1l 36 for detecting the rotational speed of the
rotary electric machine 3. Positional sensor 33 detects
the initialized position by detecting the rotational impel-
ler speed of compressor 22. The detected positional
signal PS is transmitted to a controller 6. In FIG. 1,
positional sensor 33 is indicated roughly where it would
be positioned, simply in accordance with the diagram,
without showing the details of positional sensor 33.
Exhaust pipe 4 discharges exhaust gases from turbo-
charger 2 to the atmosphere.

The electric power converter S5 outputs electric
power from battery 7 after conversion to a predeter-
mined frequency AC electric power. This power ro-
tates the rotary electric machine 3. Power converter 5§
also stores the generated electric power to the battery 7
after rectification when the rotary electric machine
. generates electric power. Electric power converter 5
has a rectifier for rectifying the AC electric power
output from the rotary electric machine 3 and a power
device such as an inverter for converting the DC elec-
tric power of battery 7 to the AC electric power having
the predetermined frequency. A control command for
achieving the predetermined frequency is supplied from
a controller 6. |

An accelerator pedal 8 is operated by a driver of the
- motor vehicle to control the rate of fuel being supplied
to the engine 1. An accelerator pedal movement sensor
81 mounted on the accelerator pedal 8 detects the
amount of depression of the accelerator pedal 8 and
supplies a detected signal to the controller 6.

The controller 6 comprises a microcomputer includ-
ing a central processing unit for executing arithmetic
operations, various memories for storing the results of
arithmetic operations and for storing a control program.,
and mmput/output ports. When detected signals are sup-
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plied from the boost sensor 13, the engine speed sensor
15, the positional sensor 33, and the accelerator pedal
movement sensor 81 to the controller 6, the controller 6
effects, according to the control program, arithmetic
operations on the supplied signals and supplies a central
command to the inverter S for converting the DC elec-
tric power to AC electric power- having a predeter-
mined frequency.

FIG. 3 is a block diagram illustrating the rotary elec-
tric machine 3 as well as positional sensor 33, electric
power converter 3 and controller 6. Thus, FIG. 3 illus-
trates part of a system for driving a turbocharger with
the rotary electric machine. As shown in FIG. 3, con-
troller 6 has an amplifier 61 insulated between a primary
and a secondary circuit for amplifying voltage of U
phase against W phase and an amplifier 62 insulated
between a primary and a secondary circuit for amplify-
ing voltage of V phase against W phase. The input end
of amplifiers 61 and 62 1s connected to three phase elec-
tric power source terminals of the rotary electric ma-
chine. A luminous element and a receiver element are
opposed to an input stde of amplifiers 61 and 62. The
input side and output side of amplifiers 61 and 62 are
electrically insulated by imputing a signal to an OP
amplifier after receiving a receiver element through
converting a signal of the rotary electric machine 3
supplied voltage from the input side to a luminous signal
by the luminous element. A pulse signal wave-form
formation circuit 63 makes a wave-form corresponding
to the positional signal PS output from positional sensor
33. Low-pass filters 64 and 65 remove a harmonic ele-
ment from the signals output from amplifiers 61 and 62.
Timer 66 prescribes the rotational period of the rotary
electric machine. Reference numeral 67 denotes a phase
revision CPU, reference numeral 68 denotes a wave-
form analysis CPU, and reference numeral 69 denotes a
main conirol CPU.

An operational description of an embodiment will
now be made. Controller 6 detects when the engine 1
operates with a load, and turbine 21 is driven by the
exhaust energy emitted from the engine 1 thus causing
compressor 22, which is coupled directly to the turbine,
to compress intake air and supply the compressed intake
air to the engine 1. In this case, the rotary electric ma-
chine 3 coupled directly to the rotatable shaft 23 of
turbine 21 operates as a generator and the exhaust en-
ergy obtained from the turbine 21 is recovered as gener-
ated AC electric power. Controller 6 controls the con-
version to DC power and the storage to battery 7 the
exhaust gases.

Controller 6 detects declining exhaust gas pressure
which declines with declining rotational speed of the
engine 1, and declining pressure of compressed air from
compressor 22. In this case, controller 6 controls con-
verter § to drive the rotary electric machine 3 as a
motor. An mverter in electric converter 5 converts the
stored DC electric power to AC electric power in order
to obtain sufficient pressure of supercharged air by
assisting in the rotation of compressor 23.

When the rotary electric machine 3 is rotated by the
turbine 21 (1.e., acting as a generator), three phases AC
voltage 1n proportion to the rotational speed of rotary
electric engine are generated at source terminals of
electric power of the rotary electric machine. This ana-
log voltage of amplifiers 61 and 62 which are insulated
between a primary and a secondary circuit is respec-
tively amplified, and a high frequency component (har-
monic element) is removed by low-pass filters 64 and
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65. Then the analog voltage is converted to a digital
signal by A/D converters in wave-form analysis CPU
68 (not shown) and is temporarily stored in a register of
wave form analysis CPU 68. The data is renewed every
minute. Positional signal PS is input to wave-form anal-
ysis CPU 68 and main control CPU 69 after a wave
form corresponding to positional signal PS is formed by
pulse signal wave-form formation circuit 63. Wave-
form analysis CPU 68 always calculates the number of
clock pulses between positional signal PS and the next
such positional signal SP, and sets the count value as T1,
which 1s provided to timer 66 after receiving the next
such posttional signal. When the rotary electric ma-
chine 3 is not operated by the inverter, that is, main
control CPU 69 of controller 6 determines generation is
occurring or determines racing by turbine 21, main
~control CPU 69 executes a main program shown in
FIG. 4. During performance of the main program,
when a positional signal PS from positional sensor 33 1s
input to main control CPU 69, an interrupt program
shown in FIG. § is performed and timer 66 starts count
after resetting, and sends a clear signal when timer 66
reaches T1 which was set by wave form analysis CPU
68.

As to S1 of the main program, after initialization of
_each part of controller 6, CH 1 phase adjustment pro-
gram is performed for measuring a phase of voltage
wave form of U phase corresponding to W phase. The
program reads out voltage wave-form indicated in CH
1 shown in FIG. 6, and measures phase D1 up to the
maximum wave value from positional signal SP.

With respect to CH 2 phase measurement program,
main program S3 executes this program for measuring a
phase of voltage wave-form of V phase corresponding

to W phase. CH2 phase measurement program reads a.

voltage wave-form indicated as CH2 of FIG. 6, and
determines the maximum wave value. From the maxi-
- mum wave value and positional signal SP, phase D2 is
determined. |

Phase order decision program is then performed by
main program S4. The program, as shown in P1 of FIG.
7, decides whether or not the data of phase D1 is less
than 240 degrees. In the case where ““No” 1s decided by
this decision step, the difference in rotor position deter-
mined by positional sensor 33 and that determined by
the rotary electric machine 3 indicates a large ship from
the initialized position. Hence, an alarm is sent by P4. In
a case where “Yes” is decided by this decision step,
decision P2 (D2 - D1=60 degree) is performed. In a
case where “No” is decided by decision step P2, this
indicates failure of positioning between positional sen-
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sor 33 and rotor of the rotary electric machine 3 or
rotor or stator and an alarm is sent by P4.

When “Yes” is decided by P2, as indicated at P3,
phase D1 measured in S2 of the main program is stored
in a register of main control CPU 69 for returning to the
main routine.

According to the instructions from controlier 6,
when the rotary electric machine 3 i1s operated as a
motor, three phase AC electric power for operating the
rotary electric machine 3 is produced from electric
power converter 5 for supplying voltage to rotary elec-
tric machine 3. |

Although certain preferred embodiments have been
shown and described, it should be understood that
many changes and modifications may be made therein
without departing from the scope of the appended
claims.

As described above, according to the present inven-
tion, since the system of the present invention can al-
ways measure the phase for a rotary electric machine,
and will send an alarm immediately when the phase gets
out of order. Thus, the electric power converter 1S not
damaged. Furthermore, when the drive system of a
conventional turbocharger is loaded or replaced on a
motor vehicle, phase adjustment is not required. Ac-
cordingly, the present invention largely contributes to
simplifying operation and reducing operational costs.

What is claimed is:

1. A system for driving an electric machine mounted
on a shaft in a turbocharger, said electric machine func-
tions as a generator or as an electric motor, said system
comprising:

positional sensor means for mechanically predicting

an initialized position of phase of the electric ma-
chine; -
phase detective means for electrically predicting the
initialized position of phase of the electric machine;

first calculation means for calculating the difference
between the mechanically predicted initialized
position and the electrically predicted initialized
position; and

second calculation means for adding the difference

calculated by the first calculation means to the
mechanically predicted initialized position of phase
to derive an initialized position of phase to be used
for producing AC electric power to drive the elec-
tric machine when it functions as an electric motor.

2. A system according to claim 1, further comprising
alarm means for producing an alarm signal when the
difference calculated by the first calculation means ex-

ceeds a predetermined value.
' * %X * ¥ %
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